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r aa experimental investigation of rq1idual 1tr••••• in welded aaul 
non-welded T-1 ateel platea due to veldina and cuttlq • 
. 'l'be plate• have edge• either ahearecl or flam1 ou,. 1ba1 are 
either in the non-~YGlded condition, or al1e, welded at either the 
center or tr1e edge. 'lbe reaidu~l 1tr••• pattern ·and magnitudes are 
presented for a wide rans• of plate and weld oizeo o TnG cf feet of 
cl1f ferent type• of elect rod$ 9 number of paooee, weld aize, IIMI • 
211aly, the geoa1tr, of the plate i1 diacu11ad. 
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built-up from plataa by i;olding. The o~r@ngtb of a column clepeadl oa 
Che reaidual straoo ~istribution and magnitude, therefore knowing 
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The paper presents the resul~s obtaine4 and conclusions made on 
-, 
an experimental investigation of residual stresses in welded and non-
welded T-1 steel plates due·to welding and cutting. 
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The plates have edges either sheared or flame cut. They are either - ,, 
:\ 
in the non-welded condition, or else, welded at either the center or 
the edge.· The residual str
1
ess pattern and I!lB,gnitudes are presented for 
a wide range of plate and weld sizes. The effect of different types of 
electrode, number of passes, weld size and, mainly, the geometry of 
the plate is discussed. 
; 
. -· A knowledge of the resid~al stress pattern and magnitude in plates 
makes it possible to estimate the residual stresses in shapes built-up-
from plates by weldi~g. The strength of a column depends on the 
. residual stress distribution and magnitude, therefore knowing these, -0 







1. INTRODUCTION -· -
', 5 
~ A res-ea-rch ·pro-ject on "Welded Built-up and Rolled Heat Treated_ 
.,. . . 
T-1 Columns" is in progress at Fritz Engineering Laboratory, Lehigh 
University, under the guidance of Task Group 1 of the Column Research 
Council. The following report presents the results obtained from the 
experimental investigatii in one part of the Proje·Ct: "Residual 
•• ~ )Q 
Stresses in Welded T-1 Plates." 
The overall study is also concerned with the residual st .. res.ses. 
in welded built-up and rolled heat treated T-1 columns. 
T-1 Constructional Alloy Steel, is a low carbon, quenched and 
tempered steel, introduced to the industry by the United States Steel 
Corporation in 1953. It is readily fabricated and has exceptional 
strength and toughness, combined with weldability. Procedures for 
proper welding, -and selection of electrodes are summarized in Ref. 1. 
The minimum yield strength for thickne~ses between 3/16" to 2-1/2" 
included, is 100 ksi and the tensile strength for same thickness is 
between 115 and 136 ksi. The modulus of Elasticity is approximately 
:i 
30,000 ksi. Detailed information on mechanical properties, chemical 
composition and processing of T-1 steel is given in Ref. 2. 
.l 
'111.-..; 
... ;,.: .. ~ 
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PURPOSE AND SCOPE 
-
~· If' Residual stresses are observed in almo:st all structural steel 
members-~ They are formed as a 1 result of plastic deformations which 
take place during or after various fabrication procedures. These 
plastic deformations occur due to uneven cooling of various parts of 
the structural shape as well as other fabrication operations. Rolled 
sections contain residual stress due to uneven cooling after rolling. 
The rate of cooling at the central part of the flange in WF shapes is 
considerably lower than that at the edges. This higher cooling rate 
at the edges normally will cause the formation of compressive residual 
(3) stress at the edges and tensile residual stress at the center . 
Usually the compressive thermal strains at the edges will exceed the 
., 
compressive yield strength, so that plastic flow will take place at that 
region. As a general result when a rolled member is cooled to room 
i.,.,., .• , J~ 
temperature the central part is left with tensile and the edges with 
compressive residualistress(3). The rolled sections usually require 
cold~bending or straightening. Due to such bending which induces 
stresses beyond the yield strength in some parts of the section, these 
parts are left with a pattern of residual stress. The practice of 
cambering leaves a pattern of residual stress distribution similar to 
the one due to cold straightening, but which differs from that left by 
(4,5) ·. 
uneven cooling . Another important cause for residual stress 
formation is the process of welding. The residual stresses introduced 
during a welding operation resemble in pattern those due to uneven 
cooling, and.their formation is caused by the localized heat imput and 
> 








resulting plastic deformation . The formation of welding resid~al 




. involved, such a~. material propert'i-e• ,, typ"'e of welds, welding, procedure 
J ' 
{6,7) 
and the geometry of the shape • The geometry of the shape has been 
(6) 
shown to be one of the main factors • 
Welded plates may be regarded as the components of welded built-up 
shapes. When they are welded together to form a built-up column or any 
other structural member, residual stresses are formed due to the 
process of welding, and this may decrease the strength of the section 
considerably. {Fig. 1 shows the residual stress distribution for 
typical Hand box shapes). Strength of a compression member in general 
depends on the stress-strain relationship which in turn is dependent on 
· (4,8,9) the magnitude· and distribution of residual stress . These 
residual stresses reduce the buckling strength of the member ·due to the 
formation of early localized yielding at certain parts of the cross 
section resulting from the presence of compressive residual streJs at 
(4) 
those parts. Also it is known that the presence of residual stresses 
is the major factor affecting the strength of centrally loaded c~lumns 
of low to medium slenderness ratios, L/r, depending on the strength of 
* ' the steel so that the design curves for coluIIlll strength need to be 












It is essential, therefore, to have a rather accurate kriowledge 
. of the residual stress distributioii°'a~d magnitude for various plate . ...• -·· ... ,e:·• . 
thickness and widths ,-... and for different weld types and sizes. 
This paper gives the experimental results of tests performed on - · 
.. . ,· .. a large number of plates with various geometric properties. Table· 1 
'l .. 
-- Ir•·· gives the sizes of the plates and the tests conduqted:on them. Tables 
2 and 3 show the geometry df the plates and additional related informa-
tion on tests and welding. The magnitude and distribution of residual 
stress were determined for· these plates experimentally. This residual 
stress is present in the plates mainly due to welding and to edge treat-
ment. The plates were cut to specified sizes from wide plates. Usual 
cutting·procedure is by flame cutting, however, for thin plates (up to 
' 
1/2" thickness) the shearing is also applied. Both cutting procedures 
'1. 
leave some residual stress in the plate. For comparison of the effect 
of different cutting procedures on magnitude and distribution of resid-
ual stress, both flame cut edge and sheared edge plates were tested. 
Tests T-1 to T-9 inclusive were on plates cut by flame cutting and 
Tests T-10 and ·T-11 were on plates cut by shearing. 
PREVIOUS STUDIES AND EXPERIMENTS r 
I The analytical methods for the determination of the magnitude and 
-distribution of residual stresses in welded plates are extremely compli-
~ cated and are not exact. However, a number of theoretical studies have been 
carried out, based on simplified assumptions. Ref. 10, has a rather 
complete sunnnary·; of theoretical and experimental work done on this project. 
, ........ f! 
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Although residual stresses ·have been studied extensively, Ref. 10 
was the first to present definite conciusions on the studies conducted 
,. on plates with varying geometric properties. A wide range of welded 
_,· 
and non-welded ASTM A7 steel plates were tested and definite results 
were presented. Also the results of a theoretic~! study were presented 
in Ref. 6 for the same plate geometries, employing a silllple step-by-step 
method' which takes into account the complete history of cooling and the 
variation of material properties. 
There was not, however!' any study on residual stresses .in high 
strength steel plates, welded or non-welded, and the tests reported in 
this paper were conducted to obtain the necessary data. The plates 
were of T-1 constructional alloy steel, cut from wide plates. 
... .~.: ,,... 
:l' 
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2. DESCRIPTION OF TESTS 
.,. 
.. 
TYPES OF .PLATES AND WELDS 
The ~izes of plates tested were selected so as to represent _,,the 
component parts of conunonly used built-up members. The selection of 
, a 
plates chosen encompassed a range larger than any hitherto tested in 
any single program. Tables 1, 2 and 3 give the sunnnary of the plate 
dimensions and the tests conducted on them. 
Generally universal mill plates are cold-straightened at the mill 
to be within specified tolerances as to straightness. This cold-
straightening results in residual stress formation at the affected 
\ 
parts, and these parts· have to be excluded from testing. In the case of 
s"tructural carbon steel as ASTM A7 steel, the parts affected by_ cold-
working are easily spotted by mill scale flaking. But in the case of 
,4_'" T-1 steel, it created a problem.. Best possible was done to avoid parts 
with yield lines for measurements, however, in few cases effect of 
cold-working is seen regardless. 
The plates tested included non-welded plates, center welded plates 
and plates welded along one or both edges, the latter two simulating the 
components of welded built-up Hand box shapes, as shown in Fig. 2. 
Manual shielded metal-arc welding, and automatic submerged arc welding 
,J 
procedures were employed for welding the plates. The electrodes used 
for most of manually welded plates were E70 series electrodes~ as 








granular fusible flux used in combination for automatic submerged arc 
welding, was of L70 type. The flux in latter type ··was Lincoln 18·40, 
·For _determination ·of possible difference in magnitude and distribution 
of residual stress due to the usage of different electrode type; 
higher strength electrode'S were used as well. Automatic welding, 
using 1100 series with a flux of 709 was performed on plates T-5-5.,. 
and T-5-6 of Test 5. Either single or double V-grooves were used for 
the center welded plates. Among eighteen center welded,plates, ten 
were welded by an automatic welding procedure, and· eight by manual 
welding procedure. Two of these pla~es, T-6-10 and T-6-12, were welded 
,. 
with double-V groove. Table 3 gives the types of weld.ing employed, and 
Table 4 shows_ the electrode types used for each plate. Nineteen plates 
were ·welded on one or both edges. Thirteen plates of this group were 
;' 
welded by automatic welding and six plates by manual welding procedure. 
Plates T-6-8, T-5-10, T-7-6, T-8-4, and T-9-6 were welded on both edges 
to simulate Hand box shape components. All of the plates mentioned 
above were cut from rolled plates by comnonly used flame cutting 
procedure. In addition to these, eleven more plates were tested to 
observe any possible differences in the residual stress magnitude and 
distribution due to different cutting procedure. These were 1/4" x 4" 
and 1/2" x 6" plates of tests T-10 and T-11. respectively, cut from rolled 
plates by shearing. Three of these plates were center welded, two were 
single-edge welded, and both manual and automatic welding procedures 
were employed. (Tables 3 and 4). 
j ' 
. I , 
.. 
.-:.J.' .. 
. .. ' . ·--··-·- ........ · ___ . _...__ -·"·--~-- ..... --,-· " 
• ( 
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The plates were welded by professional welders in the welding 
. p 
shop of a large industrial plant and the information related to 
.• . 
welding such as voltage, amperage, speed of electrode travel, type of 
electrode, number and position of beads were recorded. Table 4 gives 
the deta~led information on the welding. 
In the case of Test 3, the plate was center we'l.ded by .. manual arc 
welding along the lengtl.i .. and the residual stress measurements were 
•' 
taken in four places, to check the variation in magnitude and 
distribution along the length of the plate. (Fig. 3 shows the layout 
for plate T-3) .. 
RESIDUAL STRESS MEASUREMENTS 
All the plates used were sufficiently long so that a uniform· state 
of stress exisfed in the portions where the residual stresses were 
measured. The method of "sectioning" was used for the measurement ... :of 
residual strains, because it is simple and gives the average readings 
(5) 
along the length. Longitudinal strains were measured over a 10" gage 
• 
length by a 1/10,000" Whittemore strain gage on a series of previously 
laid out holes across the wid-th of the plate. Fig. 4 shows a typical 
layout of the holes. The personal factor on the strain measurements 
with the Whittemore gage was found to be negligible, after comparison 
of independent measurements made by two different investigators. 
The strain readings were from both, top and bottom, faces of the 
plate, for all plates, except plates of 1/4" thickness, .,which were 











0 thin plates" which are expected to have the same residual stress 
(10) ~ , 
distribution throughout the thickness of the plate .····-' ·The spacing 
of the gage holes was arranged in such a way as to give more readings 
in regions of stress variation than in regions of constant stress. 
Both ends of the 10" gage length ·were at a distance of 1/ 2" from the 
·-
cut edges. During. the process of measurement a standard 10" steel bar 
was used to observe and to compensate for .the effect of temperature 
changes on the strains during the readings. The residual strains were 
obtained after measuring the stress-relieved, sawed strips, containing 
the gage holes. Fig. 5 shows the sawed strips, the Whittemore gage, 
and the temperature bar. 
where 
The residual stress was then determined by the simple formula 
a = E 
r 
(R -R) - (T -T) 1 · 2 1 2 
a is the average residual stress along the 
r 
10" gage length (ksi) 
R is the non-dimensionalized distance between 
1 
gage holes before sectioning (in/in) 




gage holes after sectioning (in/in) 
is the non-dimensionalized distance between 
the holes in the temperature compensating bar 
at the time of .R
1 
readings (in/in) 
• .. =r.~- <~-.c.,- ,- - .... _.,.,." 
' 
_ J lia,1 
. -- .. - - ... - _ __:'.,__ - - - -- --· -,-----· . ---~ -----·-·--~-· ---, -- .... - - i 
..•. 
·-· 
T is· the non~dimensionalized distance 2 
between the ho~.es a in temperature 
I • -··~.,-• ...... u.,..a""'"'.._"° ......... ,. '(,,I-":''""' L-.-~-'---·"'"'"""•"'"'. .. '"-•"_._. .......... • , • • : ,. "' - . -, .- • - • • .I. - '• • 
compensating bar at the time of R 
2 
~readings (in/in) 
E modulus of elasticity of steel (ksi) 
Positive results give tensile res~dµal 
stresses and negative results give 
compressive residual stresses. 
-11 
~ '"' .;~ L• ... :,, . ~-- .... . .,-· 
It should be noted, however, that only the longitudinal residual 





A number of coupon tests were conducted on tension coupons, cut 
f~om the plates before and after welding, to ascertain the ~aterial 
.,· 
properties. Small coupons made of weld metal only also were tested 
to give the yield stress level of the weld metal. The dimensions of 
h ·1 . d .-th ASTM "f" t· (ll) t e tensi e coupons were in accor ance w1 spec1 1ca ions . 
Table 5 shows the plates included in the program for coupons, and 
Fig. 6 shows a typical layout for coupons. 
' ,/ . 
.; ..... __ , ·-~ -· -
' l,.,, 
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3. TEST RESULTS AND DISCUSSIONS ~ 




' The results obtained'· from some of the coupon tests are presented 
in Table 6, and typical-load-strain relationships for weld metal and 
for a T-1 steel-coupon are shown in Figs. 7 and 8. According to the 
test results, the static yield stress level was 110.ksi, and the 
modulus of Elasticity, E, was 30,000 ksi. 
The residual strains were recorded on both top and bottom faces 
for all the plates in this study, except for the.ones of test T-1 and 
T-10 (4"xl/4"). After analyzing the results it was seen that for most 
of the plates, the residual stress pattern and magnitude of top and 
< bottom faces was so close that an average could be used for all 
practical purpose·s together with the assumption that the residual 
stress was uniform in the thickness direction of the plates {Figs. 11 
through 19). The results obtained are presented for simplicity in a 
tabular form in Tables 7; 8 and 9, where the values of residual stresses 
are the averages of both top and bottom faces of a plate. For the plates 
of test T-11 (Fig. 12), it was not possible to represent the results by 
an average value and as is seen from the .ftgure if a simple line was 
drawn to average the values of residual stress on top and bottom faces, 
it would be very misleading. The sheared edge plates of this test 
contain large compressive and tensile residual stress on top and bottom 
faces respectively. Under such conditions, for certain loadings, the 
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exists. Therefore, for. such cases of plates with sheared edges, it is 




faces, rather than the representative values of both. The "thin" 
plates of test~ T-1 and T-10 were considerably bent after sectioning 
and this effect was encounte·red in strain readings. The results were, 
therefore, adjusted to compensate for the effect of curv~ture . 
fl., •• 
The results obtained from this experimental study are presented 
in three parts. Residual stress in as-cut plates, in center welded 
p late~s- .. and in edge welded plates • 
AS-CUT PI.ATES 
In the case of as-cut plates, the residual stresses present are 
... , .. 
the result of the effect of cutting {flame cutting or shearing) and of 
other fabrication processes. The test points obtained for flame cut 
plates are shown on Fig. 9, 11 and 13 to 19 inclusive, and a tabular 
representation is given in Table 7. The compressive residual stress 
was in the range of 3 ksi to 10 ksi, the average value being 
\' 
approximately 6 ksi. The compressive residual stress for plates wider 
than 12" was. approximately 4 ksi .- It extended across the wdith 
covering 60% to 95% of the width of the plate. The tensile residual 
..,...,...-~ 
/ 
stress was at the edges and ranged from 26 ksi to 86 ksi. The maximum 
was in plates of 6" x 1/2", Fig. 11, and for the wider plates the 
reasonable average of tensile residual stress was around 45 ksi. 
(Figs. 13 to 19). Two plates of 24" x 1", T-9-3, and T-9-5, and one 
plate of 12" x 1", T-6-13, showed a peculiar pattern as given in Fig. 








working. Table 7 also presents the distances with compressive and 
with tensile residual stresses along the width of the plate. 
The plates with sheared edges presented an entirely different 
residual stress pattern as can be seen in Figs. 10 and 12. The 
results obtained from the 4" x 1/4" plates are shown in Fig. 10. 
-14 
These are the values calculated from measurfng strains on one face, 
and they are adjusted to exclude the effect of curvature. In the case 
... 
of the plates of 6" x 1/2", a very different appearance is. seen 
between the residual stress pattern of top and bottom faces. As seen 
from Fig. 12, at the cut edges, due to the shearing procedure employed. 
l 
CENTER WELDED PLATES 
. 
Residual stresses present in plates having a center weld were 
measured on large number of plates. The effect of different weld types 
. -
and sizes, different geometric shapes, different edge conditions and 
,. 
different types of electrodes were considered on the pattern and 
magnitude of the resulting residual stress in the plate. 
The distribution of residual stress across the widths of the 
center welded plates as measured on top and bottom faces are shown in· 
Figs. 11 through 19, and for plates measured on one face only in Figs. 
9 and 10. The salient dimensions of the residual stress distribution 
are enumerated in Table 8 for most of the plates. They are based on 
the averag~s of the magnitude of residual stress measured on both top 
and bottom faces. The resulting curve and the notations used in the 
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observed at the flame cut edges, and at the weld. The compressive 




automatic welding and a lower value of 16 ksi for plates·welded 
manually. The average compressive residual stress ranged from 6 ksi 
to 18 ksi. 
The highest tensile residual stress for the plates of Tests T-2 
through T-9 was found to be about 84 ksi at the weld for plate 2 of 
Test T-5 (Fig. 15), having a 1/4" automatic weld. The residual str-es·s 
distribution in plates of 4" x 1/4" are shown in Fig. 9. 
The results obtained from sheared edge plates are shown in Figs. 
10 and 12. In the case of the sheared edge plates of 6" x 1/2", the 
pattern of residual stress was similar to the pattern abserved in 
plates of other tests, unlike the results obtained for as-cut, and 
edge welded plates. The compressive residual stress was about 19 ksi 
average, reaching a maximum of 22 ksi for automatic welding, and a 
lesser value for manual welding. 
The ef feet of di£ ferent electrode type on the magE.itude and pattern 
of residual stress was studied a 12" x 1/2" plate. It was welded 
automatically, and a higher str.ength electrode of 1100 series with a 
flux of 709 was used in welding. As seen from the Fig. 15 there is 
no marked difference in pattern or magnitude of residual stress in 
plate T-5-4 welded automatically with 170 electrode used for all 
automatically welded plates in this study, and in plate T-5-5 welded 
automatically with 1100 electrode. Therefore, it was concluded that 
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no marked effect was introduced on the resulting .residu.al stress due 
~ to the usage of different electrode with 10 ksi higher strength, for 
'A l 
welding of the plates," having the same geometry. Some of the plates 
of Test T-5 and T-6 had different weld sizes. This was done to study 
the effect of different weld sizes on residual stress in plates with 
same geometry. Figures 15 and 16 show the results obtained, and it 
is seen from the results that the effect of ·different weld sizes is 
not very much pronounced. The magnitude and distribution of residual 
stress resulting from the larger weld size did not differ from that 
• 
of smaller weld size except for the observed reduction of tensile stress 
at the flame cut edges for the larger weld size. 
Although, no direct data was available to compare the effect of 
number of weld passes on the resulting residual stress distribution in 
the plate; the results at hand showed that the effect would be small. 
Plate T-6-2 had 6 passes of 1/ 2" manual center weld, plate T-6-4 had 4 
passes of same size weld, welded automatically. No differences appear 
in patterns of residual stress and the slightly higher magnitudes in 
. the latter case may be due to automatic welding. (Fig. 16). The same 
.... 
can be said for plates T-2-2 which had two weld passes compared with 
T-2-4 which had one weld pass (Fig. 11), and plates T-6-6 with 11 weld 
passes vs. plate T-6-8 with 9 weld_ passes, (Fig. 16). Plates T-6-10 and 
T-6-12 were welded with a double-V groove and the comparison of the 
results with those obtained f9r plates T-6-6 and T-6-8 welded with a l~···~~ 
single V groove of the same ~ize showed no significant difference in 
the resulting residual stress pattern and magnitudes. (Fig. 16). 
• 
.v 
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.t EDGE WELDED PI.ATES 
J 
., Res~ual stresses were. Jne·a·sured in twenty-n°!ne" plates welded along 
one or both edges. Again, in this case, the effect of various factors, 
(such as plate size, type of electrode, type of weld and weld size,) on 
the resulting residual stress pattern and magnitude was studied. Twenty 
six plates had flame cut edges and three had sheared edges. !Twenty one 
of these plates were automatica'l.ly welded and eight were welded 
\ 
manually. The residual stress patterns measured experimentally are 
shown in Figs. 9 through 19. The salient dimensions of the residual 
stress distributions for most of the plates are presented in Table 9. 
The notations used in Table 9 are explained in its inset figure. The 
J .• 
maximum value of compressive residual stress obtained from flame cut 
plates of tests T-2 through T-9 was 20 ksi in plate T-4-6 (Fig. 14), 
the average being approximately 10 ksi. The average compressive 
residual stress in most of the wider plates of tests T-7, T-8 and T-9 · 
{Figs. 17, 18, 19) had a value of 6 ksi. The tensile residual stresses 
· at the welded edges were comparatively high, reaching the yield stress 
on the weld for the 1/2" automatic weld on Plates T~6-16 and T-9-6 
(Figs. 16 and 19), and approximately 80 ksi for most of the plates. 
Some stress reversals were observed in plates~T-9-4 and T-9-6 










· In the case of the sheared edge plates the residual stress pattern 
1' 
were as shown in Figs. 10 and 12. The value· .of tensile residual stress 
at the welded edge was as high as 85 ksi for Plate T-11-8. However, 
the characteristic residual stress in the sheared edge plates exists 
at the non-welded edges; that is, high compressive residual,,,stresses 
on one face and high tensile residual stresses on the other face of the 
plate, near the sheared edges, individually reaching stresses as high 
as 37 ksi but with a negligible average value • 
As seen from Figs. 15 and 16, no marked difference in magnitudes 
and patterns of residual stresses was present due to a use of different 
electrode types on plates of Tests T-5 and T-6. Plate T-5-6 was welded. 
automatically with higher strength electrode of 1100 series with 709 
.¥ 
> 
flux. Comparing the results with those obtained for plate T-5-10 which 
had the same weld Jize, but welded with the L70 electrode, it was seen 
that the patterns and magnitudes of residual stress formed in these 
plates were similar. (Fig. 15). 
From the results obtained it appeared that the distribution of the 
residual stress in T-1 plates may be presented by broken straight lines. 
(Figs. 9 through 19). Also, it is seen that the residual stress 
distribution in plates non-welded, center welded and welded on both 
edges may be accepted as symmetrical about the center line for all 





4. COMPARISON·,WITH THE RESULTS OBTAINED FROM ASTH A7 STEEL 
. "'" , 
···J·· • Jl. ,.. 
'· 
An extensive investigation was carried out in Fritz Engineering~·· 
Laboratory, Lehigh University, on residual stresses in manually 
welded ASTM A7 steel. Ref. 10 presents all the results of the study. 
It is of interest to compare the results obtained from A7 st.eel 
. '. 
. 
. plates and T-1 steel· plates, since the comparison may give some 
knowledge on the difference in behavior of compression members, built-
up of these steelp. 
All of the A7 plates included in the study were universal mill 
plates. While the plates in this report are mainly flame cut with a 
few plates with sheared edges. Direct comparison, therefore, is not 
possible, together with the fact that no plates with identical geometry 
existed. 
The residual stresses introduced due to flame cutting or shearing 
·of the edges in T-1 plates are different from those found in universal 
mill plates of A7 steel. Representative patterns of residual stresses 
/, 
\ present in the non-welded plates are shown in Fig. 20. Although there 
is significant difference, it is more or less due to different edge 
treatment than characteristic of the different steel. It may be 
worthwhile, however, to remind that at present universal mill plates 
are used more often for the fabrication of A7 steel, whereas flame 
cutting is the common procedure for T-1 steel. 
... 






Typical results of edge welded plates of both steels are shown in 
Fig. 21. , . ·r The most significant difference is the patterns of distribution. 
T-1 steel shows·- rather constant distribution of compressive residual 
I stress and abrupt change from tensile residual stresses to compressive*·· 
residual stresses near the edge. The distribution in A7 plates are 
more or less smooth throughout. Most of the A7 plates welded at one 
edge, had tensile residual stresses at both, welded and non-welded 
.. 
edges, and the tensile residual stress was over a large percentage of 
total width, including the sections which contained compressive residual 
stresses in non-welded state. The peak value of the compressive residual 
stresses in A7 plates is higher than those of T-1 plates of similar 
geometry. However, s11ch large magnitudes take place at a point covering 
only a small portion of the total width. In general, the magnitude of 
• 
compressive residual stress is slightly higher in T-1 plate over most 
of the width. A good average of the difference is 2 to 3 ksi for the 
plates between 4 to 8 inch width and less than 2 ksi for the wider plates. 
The portion of the width under compressive residual stress is 30% to 50% 
' of the total width in A7 steel plates. Thts is fairly.small compared 
with that of T-1 plate, in which it would be around 60% to 80% of the 
width. 
The tensile residual stress at the weld ranged from 40 to 60 ksi 
for A7 .plates, welded by E60XX electrodes. The magnitude in T-1 plates 
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Similar results have been observed in center welded plates. 
Fig. 22 .represents the results. 
- - -.:.:.:. - _:;, .. - -· 
·f, -I 
0 
The compres~ive residual stress in center welded J.1 plates was , 
not constant unlike the edge welded plates, and showed the peak at 
the edges for narrow plates from 4 to 12 inch width. For wider plates 
this peak value was observed somewhere between the...weld metal and edges. 
Again the peak value of compressive residual stress were often larger 
than those in T-1 plates. However, the average value as well as the 
portion of area under compressive residual stress were relatively 
-· 
small in A7 plates. The distribution in A7 plates were smooth and may 
be closely approximated by parabola, especially £.or narrow plates. 
However, it was not the case in T-1 plates. Even for the narrower 
plates of 6 inch width, the compressive residual stress is rather 
constant and the change from tensile residual stress to compressive 
was abrupt. The pattern may be expressed closely by broken straight 
lines rather than parabola. This difference in pattern was one of the 
most significant characteristics of the results. 
Since the compressive residual stress in T-1 steel plates, 
constitutes a much smaller fraction of the yield stress, as compared 
with the case of A7 steel, the effect of residual stress on the 
strength of welded T-1 compression members will not be much pronounced. 
:~. 













'A sunmary is presented here of the results of an experimental 
investigation into the magnitude and distribution·of residual stresses 
in welded and non-welded plates. The plates are of T-1 Constructional 
Alloy quenched and tempered steel, welded both automatically and 
manually. The plates vary in width from 4 to 24 in'Ches and in 
thickness from 1/4 to 1 inch. 11'he results of this study will. be used 
in the determination of the influence of residual stress on the strength 




The distribution of residual stress in T-1 plat.es,· 
whether due to cutting of the edges in the unwelded 
I 
plates, or due to welding in welded plates, may be 
presented by broken straight lines, unlike the 
distribution in A7 steel plates 
(10) 
is approximately par~bolic • 
through 22). 
where the distribution 
(Section 4, Figs. 9 
Although there is a little difference between the 
residual stress distributions of the top and bottom 
faces of the plates, it is not so significant, and the 
average value may give a good representation of the 
residual stress in the plate for all practical purposes. 
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3. The distribution of residual stress in plates center 
welded, non-welded and welded on both edges, may be 
regarded as synnnetrical about the center line. 
(Section 3, Figs. 11 through 19). 
4. There is no marked effect due to electrode type on the 
residual stress distribution of plates having_the same 
geometry. (Section 3, Fig. 15). 
5. Manual and automatic welding resulted.in residual 
stresses of a similar pattern, with slightly higher 
magnitudes for the automatically welded plates. 
(Section 3, Figs. 11, 13 through 19). 
6. With uniform welding conditions, the distribution artd 
magnitude of residual stress along the length of a 
welded plate is constant. (Section 3, Fig. 13). 
-23 
7. The process of flame cutting produces a residual stress ~ 
distribution similar to that due to edge welding, with 
lower magnitudes. (Section 3, Figs. 11, 13 through 19). 
8. Near the weld or near a flame-cut edge, the transition 
in residual stres§ from tensile to compressive is on a 
straight line having a very steep slope, unlike the 
results obtained from A7 steel. {Section 4, Figs. 11, 
13 through 22). 




... ·. ? 
9. Plates with the same geometry, having diffenent weld 
sizes, present residual stresses ·similar in pattern, 
···-but with slightly higher magnitudes for larger weld 
sizes. (Section 3, Fig. 11, 13 through 19). 
-~'10. The number of·weld passes seemS to play no significant 
role in the general shape and magnitude of residual 
stress in plates having the same geometry. (Section 3). 
1.1. The results of this experimental study ·make it possible 
to estimate the residual stress pattern and magnitude 
in· T-1 plates, welded and non-welded. (Tables 10, 11 
and 12). 
12. The shearing of the edges results in the formation of 
residual stresses which are totally different in pattern 
from that resulting from flame cutting. Individual faces 
of non-welded plated with sheared edges have diffetent 
residual stress patterns, and residual stresses at the 
individual faces have the same magnitude but opposite 










b = width of the plate· 
t = thickness of the plate 
E = modulus of Elasticity (ksi) 
~ 
T = depth of weld 
L/r = slenderness ratio 
S .= plate welded along single edge 
--· 
'D = plate welded along both edges 
V = single - Vee groove 
2-V = double - Vee groove 
-
-
distances in inches used to show the distribution of residual 
stress along the length: as s1hown in the figures of tables 
7, 8 and 9. 
... 
·a = magnitudes of residual stress in ksi, at locations shown in 
·ri 
the figures of tables 7, 8 and 9. 






7. DEFmITION OF TERMS 
.. 
(' 
. . . 
··Residual Stresses 
,. 
Stresses formed as a result of permanent deformations of certain 
fibers during the fabrication or cooling processes 
Yield Point 
The stress at which there is a marked increase in strain without 
(11) increase in stress . 
Yield Strength-
./ 
The stress corresponding\ to the load which produces in a material, 
under the specified conditions of the test, a specified limiting 
(11) plastic strain . 
Yield Stress Level 
The average stress during actual yielding in the plastic range. 
It remains fairly constant for structural steel, provided the strain 
rate remains constant. 
... 
Static Yield Stress Level 
The average stress during actual yielding in the plastic range, 
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Table 1. Plate Sizes Tested • 







. -· -·· ----- . ., 
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t Thickness of plate 
b Width of plate 
·- 4 
xo+ 
x Residual Stress before Welding 
o Residual Stress after Welding 
+ Coupon Tests before Welding 
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T-1 4 1/4 
T-2 6 1/2 
- . - . .. - -- . . 
' T-3 8.i< 1/2 
T-4 8 1 
T-5 12 1/2 
..._ T-6 12 1 
,, 
T-7 16 1/2 
T-8 20 3/8 
T-9 24 1 
Sheared Edge 
--·-----·-
T-10 4 1/4 -
,,; 







Table 2. DATA GROUPED ACCORDING TO PI.ATE WIDTH 
-- ---- ---~-· -----------~ -------
- . 
Residual Stresses Type & Depth 
Measured Of Welding (T), (in) Coupon Tests Weld Type .. .--..-.--




' X X 1/8 - 1/8 X - - - \ -. 
l X X 1/4 - 1/4 X X X X -i . - - -
. 
- X 1/4 
- -
- - - X ' 
I 
-
.x X _l/4 
- 1/4 X X X X 
' X X 1/2, 1/4 - 1/4, 1/2 X X X 
-
' 
< : ,.: 
.J . X X 1/2, 1 1 1/2, 1/4 X X x· X • . 
. 
X· X 1/:2 
- 1/2 X X X 
-
X X 




' X X 1/2 
- 1/2 





f X X 1/8 1/8 - X - - - -
' 
1' X X 1/4 
- 1/4 X 
- X X ' 




























Table 3, INFORMATION OF THE WELDING OF THE PLATES 
~--·-
''" Plates With Flame Cut Edges 
.. :". . ...... . ... " - . .. ~ . .. . ·~ ' ' ' .... . . 





·- -- 4- - - -· 
I 


























































Man. (in) I No. I 
' 




X --- 1/4 T-2-o 
- 1/4 -8 
X 1/4 
-
" X 1/4 T-4-6 
-- 1/4 
-8 
- 1/4 T-5-6 
l/2 -8 ' . -
- · l/2-LlOO ~ ·10 








- l -20 




- 1/2 .• T-7-4 
- - -6 
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Edge Welded Plates 
--------------·-· i 
I 
I Type I Geometry ! 















8xl .. X 























of Weld l 
--- ··-·---, 
I I 
I Man. I I I I l I I 
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Table 3 (Cont'd) · ... 
I I 
· I · ~ t -
i Plate ! 


















Geomet~y! Type of Weld :~!! Plate 1 ·~eometry -Ty~-~--of Weld _rr,·:~;: 
{in) ! Aut.l Man. (in) No. · (in) Aut. I Man. (in) I 
·-----;----.----1---~..------......_, ---------+----·--_._·---- -·-·1 
! 
-4 : 20x3/8 ii X - 2x3/8 I 
I X - 1/2 T-9-4 1 24xl ~ X 24xl 
- 1/2 




Plates With Sheared Edges 
'· 
Center Welded Plates Edge Welded Plates 
-! -T-y--p--e-o-f-We-ld___,l,.___W_e_l_d~l -----...--l----~l-T-yp-e _0
1






. zlde . 
Geometry; 
1 
Size Plate Geometry~ 
{in) J __ :u_t_. __ !_Ma_n_. ___., __ ._<i_·n_)--++-___ N_o_._+---_(_in_) __ ~ut~ _I_Man. _i (in) 
! 
. T-10-2 ! 4x.l/4· X 1/8 T-10-4 4xl/4 





t 6xl/2 X I 1/4· - : ,: .. -•. 
I 
I 





6xl/2 X I 1/4 -
' 
- ~ -- -· - ·- --
:-~--~4-1, 6~112 __ ___. .. .___. .. ____ x_··· ______ ·· _____ --_.·__..,........,..,... _______ - __ a ____ _..._ __ ---&.-_
_
 
All center welded plates are welded with 
single Vee groove, unless otherwise 
specified 
2V - Double Vee Groove 
"/ ,. 
·, 
. ' '., 





































































. 20-22 130 
20-22 210 
.. 
Table 4. RECORD OF RATE OF APPLICATION OF WELD 
I 
Electrode Electrode Type 
Travel Melt-Off Electrode of (in/min) (in/min) Type Weld 
5.8 10.5 E7018(1/8"])) M 
24 9.55 
" 
I M . 
~ 
7 .o: .. 10.4 n M 
-
24 9.55 fl. M 
8.0 9.9 
" M 
8.8 8.5 E7018(3/16"D) M 
12 120 L70 {W) 5/ 64'! A 
9.2 10.4 E7018(5/32") M 
9.3 10.6 
" M 
30.0 111.1. L70(W)5/64" A 
30 111.1 • 
" 
- A 
6.6 10.2 E7018(1/8"D) M 
8.6 8.8 E7018 (3/ 15"D) · M ; 
,( 
' 6.8 9.8 E7018(1/8"D) M 
9.2 8.6 E7018(~/16"D) M 
-
""I 
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Table 4. (Cont'd) 
"'-
Plate Pass Volts 
No. 
T-4-4 1 32 
T-4-6 1 22 
2 22 
T-4-8 1 28 
2 28 
• 
T-5-2 1 32 





T-5-5 Tack 20-22 




T-5-6 1,2 30 
3,4 30. 
{ 
Electrode Electrode • 
• Amps Travel Melt-Off 
(in/min) (in/min) 
350 15.0 120 
160 9.0 10.4 
' 
160 8.0 • 9.8 
300 30 111.1 
300 30 \.., 11 l;. 1 
C 350 12 120 




350 12 120 
350 12 120 




500 18 120 
.. 
500 18 120 
, 
350 24 44.4 
( 





, Type Place 
. 
Electrode of of Flux Beads 
Type Weld Weld 
• 
L70(W)5/64" A C L840 t=\!Zl'n--i 









E7018(1/8"D) M E 
-
v--








L70(W)5/64" A C L840 
o/ t· l ~ I • I ' 




JI i '-2.., 1 L70(W)5/64" . A C L840 , • .3/8" y -,• 
•• ,-
ti A C L840 '. 
' . 
El1018(1/8"D) M C 
-
Jr -2 
.3~·~ . • L100(W)l/8"D A C 709-5 
" A C 709-5 ~ . 2. 
LlOO (W) 1/8'' A E 709 !" ~ -~c 1 
~- c-·-"'~ I 




' . .. . 















· Table 4. (Cont'd) 
·-
Plate Pass Volts 
No. 
T-5-8 1,2 28 
-
3,4 28 
T-5-10 1;2 28 
'" 
' 3,4 28 . 
. 














Amps Travel Melt-Off 
(in/min) (in/min) 
300 30 111.1 
• 300 30. 111.1 
300 2·1 ., 111.1 
\ 
300 21 111.1 
l40 6.0 11.0 
170 6.0 10.3 
.... 
210 4.6 I 9 .4 
210 5.6 9 .·1 
• 
210 7.5 10.5 
210 7.0 lO. l 
375 15 150 .. 9 
' 











Electrode of of Flux _ · Beads . 
Typ.e Weld Weld 
-
: + . 
i/8 11© .. L70(W)5/64" L840 A E +J ; J 
--




i ' L70(W)5/64" A . E L840 
~Et??\ r 
~~:;? L70(W)S/64" A E L840 . a ! 






-- ~ ' 6"""""'" J 
~-L 
" M C 
ln 
- ~ 2 .. ~ ~~ 1 
·I I M C 
- -
i' 
" M C - \ 
E7018(1/8"D) M C ' 
-
' 
L70(W)S/64" L840 . .- r· ,._ A C - 7 ~ .. ...,. 
I 2 
., 





















Plate Pass Volts 
No. . 



























140 5.3 9.7 
• 
170 4.9 10.7 
210 4.6 9.7 
. 
210 7.0 9 •. 3: 
210 1.3 9.1 
. . 
.... 
210 6.·1 9.3 
\ 
210 7.3 9.8 
2-10 6.1 9.6 
210 8.0 9.5 
210 6.8 9.9 .. 
; 
. 
210 6.5 10.1 
400 16 179.8 




Electrode of of 
. 
Type Weld Weld 
E7018(1/8") M C 
. 
E7018(1/8") M C 
E7018 (5/32'') M . C 
E70 li(3 / 16") M C 
. . 
-
" M C 
I.I M C 
• 
.... M C 
:~•- M C 
II M C 
.' 
. .. M C 
' 
' , .. 
" M C 
E7018(3/16") M C 
L70(W)5/64" A C 
L70(W)5/64" A C 
f:"· ,., •· . ''1.· .--. - .. ;- )'·. -: :~, ·:t: ·,- .-.: f :-~'-1~-~~:~f/···1.,~"·· .-:_.;..~--;~':.:~~ ~:-.-:.!'-? (/·-~ ~- '=- :~----~-;:---~~--.-~--
. ;. ' :·:. 
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Table 4. (Cont'd) 
- Electrode Electrode 
Plate Pass Volts Amps Travel Melt-Off Electrode 
No. . (in/min) (in/min) Type 
.. 7,8,9 31 37~ · 12 152.6 L70(W)5/64" 
" Tack 22 140 E7018(1/8") - -
Welds I 
• 
T-6-1·0 Tack 20 140 - -· E7018(1/8") 
Welds I 
1 20 140 6.4 l0-.3'. E7018 (1/8~') 
. 
2 20 140 6.2 10 .. 7 E7018(1/8") 
. 
\ 
3 20 170 6.4 I .. 10. 7 E7018(5/32") 
4 18 210 5.9 • 10. 4. E7018(3/16") 
. 
5 18 210 5.9 10.3 E7018(3/l5") 
6 18 ·170 5.1 10.6 E7018(5/32") 








of of Flux 
Weld Weld 
A C L840 
, 




M 2V • 












£- ;-< :;;r-\. 5" ........ 
~J. 



























.. ! • 
-
. - .. ' 
- .. 
Table 4. (Cont'd) 
-Electrode Electrode Type Place 
Plate Pass Volts Amps Travel Melt-Off Electrode of of Flux Beads 






T-6-12 Tack 18 140 - - E7108(1/8") M - - .. 
. 
Welds 




2,3,4 32 400 16 179.8 L70(W)S/64" A 2V-C L840 
I 
·I 
5,6 32 400 16 179.8 L70(W)S/64" A 2V-C L840 
T-6-14 1 22 160 3.1 9.6 E7018(5/32") M E -
2 22 160 8.1 • 10.3 E7018(5/32") M E -
-. i 
T-6-16 1,2,3 30 300 20 105.8 L70(W)S/64" A E • L8.40 J/,; ! t--· 
\ • • 
' T-6-18 1 22 160 5.0 10.3 E7018(5/32") M E ) -
J { 
t 
ti 2 22 160 4.8 10.0 E7018(5/32") M E ' ; - . ·- _,_ - - - - . ·--. 










1 4 22 160 5.8 10.3 " M E " -~ 
~ 











t 1 22 160 4.6 10.4 E7018{5/32") 
,: 
i M E - I I \.A) . " l'i 
11 
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Table 4. (Cont'd) 
Plate Pass Volts Amps 
No. 
T-6-20 ltoll. 30 " 300 
. 
T-7-2 1 32 375 
2,3,4 32 375 
Tack 22 140 
Welds '· 
T-7-4 1,2,3 32 300 
T-7-6 1,2,3 32 I 300. 
. 
4,5,6 32 300 
• 
T-8-2 1,2 30 300 
. 
T-8-4 1,2 30 300 










26 ~. 106 




























of of Flux 
Weld Weld 
A E L840 
A C L840 





A (1 E L840 
• 
A E L840 
A E L840 
. 
A E L840 
' 
A E L840 
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Volts Amps Travel Melt-Off (in/min) (in/min) 
32 375 15 150.9 
32 375 15 150.9 
30 300 32 94.7 
30 300 28 • 94.7 
30 300 26 94.7 
30 300 26 94.7 
30 300 26 94.7 
20 140 6.7 I 106 • 25 
18 125 30 12 
20· 140 6.2 10.8 
18 170 7.7 9.6 
18 170 6.8 10.0 
32 375 13 150.9 
32 375 13 150.9 
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' Plate Plate Coupon 
-







T-2-1 11·-2 T.-:2-1 














·T.-2·-.J : T-:2-3 
:t-2-:4 
- T-2-4 : 
" 
,; :· 
T-Z-·5: ' T-2-5 .. 


















r:~4·-l ·1 t-·4-1-1 '· 
.. T-4-1 -2 /-=~ 
: : 
T-4-1 -3 











' , \ 
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Table 5. (Cont'd)~ · · 
.. 
r ·- ·-- .. -· 
I i --
I Test Plate Plate Coupon No • No • Thickness No • ! 
f \ (in) 
I 
~. ... 
,, .. ,.,,, ,.~·,u ,. ,. .• -~ -•-· 
- ·-··.' .. 
. -·' . :\, ' 
i . ~ ' 
i 
I 
I . T-4-3 1 T-4-3 
I 
I 
I T-4-4 T-4-4 
·!· 
l .. T-4-5 T-4-5 ·-··· --~ .. i 










: T-4.-8 T-4-8 




'lf-5-3 T-s-·3 '·• .. . ', . - . 
: 















··T-:S:--6 T~5.;.6 : 





I •. J. T-5-7--3 
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Table 5. (Cont'd) 
.. 
- ·- I Test I Plate 
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* Round Coupon 
** Small Coupon 
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Table 6. RESULTS OF COUPON TESTS. -
l 
Plate Coupon aks ' No. No. ( si) 
,_ 
T-2-1 T-2-1-1 109.3 












' ~ T-2-6-3 110.0 
T-2-3 
• I) T-2-3 lll .. 2 
.. 
.. 
T-2-5 T-2-5 108.7 




T-2-8 T-2-8 · 111.-0, .. : 
. 
.T-5-1 T-5-1 110·. 6 
; 




t·~.s~3; T-5-3 110-. 9: 
~-· 
... T-5:-·5 T-5-5 111 .. _Q'. J .- . 




T-5-9 T-5-9 111. 8: 
. •,.•• • • I, ' 
.. 
: 
T-5-10 T-5-10 11:2. 2 
.. 
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Table 7. RES DUAL STRESS DISTRIBU ION IN "AS-CUT" PI.ATES 
-
Plate Plate Residual Stress • ksi
1 
Distances in in 
No. --- - Size I {',-. ~ . 
.. 
I (in). :a a .. a 0
r4 zl z2 rl r2 r3 . j 
,,4 :'..i 
- - - -
~ 
- - -, 
,.. 
···-
1 6xl/2 76.0 8.03 5.28 72.6 0.85 4.3 
3 81.4 6.05 6.05 86.9 0.90 4.2 
• 
-
5 85.8 6.05 6.05 79.2 0.90 4.2 
7 89.1 6.05 6.05 83.6 0.90 4.2 
- - - - - - -
1 8xl 25.3 4. 99 4.99 2-9.7 0.90 6.3 
\ 
J I 31.9 7.70 7. 70 · 49.5 1.00 6.0 
I 
I 34.1 4.40 3.96 37.4 0.90 6.2 :I -5 I 
.I .. 
. , .  
I 




' 1 12xl/2 41.8 6.60 3.63 36.3 0.90 10.2 
I 
I 3 37.4 2". 64 
I 








•.9 J 42.9 5.39 3.41 36.3 0.90 10. 2 
I 
I 
l -:i2x1 30.8 4. 51 4.51 30.8 0.80 10.5 
,. 
·--. 
I :3 42.9 3.96 3.96 40.7 o. 70 10.6 I . . 
I 
I I 





42.9 7' I . 2. 97 2.97 51.7 0.80 I 10.6 ,! l I '· I I 
' 
l I I 
I· 





! 11 45.1 3.52 3.52 44.1 0.70 10.6 I ! 
I 
I 
I 13 36'.3 3.52 3.52 36.3. 0. 70 , j 10.6 : 
: 
I I I 




































































Table 7 (Cont'd) .. :, 
t 
\ 




Test Plate Plate Residual 
, 
• ksi Distances • Stress in in In .. 
No. No. Size . 
(in) a a a a z z z 
rl r2 r3 r4 1 2 3 .. 
' 
• 
' T-6 15 ' 12xl 36.3 2. 9 7~, 2.97 42.9 o. 70 10.6 0. 70 
17 31.9 2.97 2.97 36.3 0. 70 10.6 o> 10 ... 
. 
19 50.6 3.96 3.96 36.3 o. 70 10. 6 0.70 
• 
T-7 1 16xl/2 48.4 1. 98 · 2~97 48.4 o. 70 14.60 0. 70 
\ ~ __. 
3 57.2 4.51 1.98 47. 3 • o. 70 14.6 0.70 
I 
1 -
I T-8 1 20x3/8 61.6 J.96" 3.96 59.5 o. 70 18. 6 o. 70 I I 
I 
' I '"' I I • 3 67.1 3. 74 3.63 58.3 0.80 18.5 o. 70 l I I 
I I 
I I 
I T-9 l 24xl 46.2 3.96 1.98 30.8 o. 70 22.60 0. 70 I I 
I I I 





)· 5- 27.5 5.94 11.0 38.5 0.60 22.8 I 0.60 
: 
I .. \'· ... : 
. I ...... ,_. 










; •"(""··',,'··· -.-.• ·· ••. -. - ,.,.. .. -;..,.;."'•I-~-,~-' ;·'···.•.--·-,'r'~•·--~·,I•-'·- .>: •v•,' .•.'JI·. l~!·, . .c:,.,1'f,L.c~.,i. 
:{-~: . 
i 
. · • "'• sc-:,:.;,c\'··;·.·. -~_-c,.· .• -:·c:,• -~ •• .··cc. 
t 






T-2 2 6xl/2 
4 6xl/2 
. 





D ' Sxl/2 
T-4 2 I 8xl 
.4 1 8xl 



















1 s r 
a~ --~~~---'~--~~----:=.--~-------------,-..--





-I I -1 4 




:.. ·1· -.. 
- . 







·~.-:.~ ... ' 
- - - .- -
. ~ ' 
. c• 
r ·, } 
.' . 
. 1 .- ' . 
·•.· 
... 




Residual Stresses {ksi) Distances (in) t ) 
I 




- - - - I . - - - - - - - -I 
39.9 62.0 I 16.0 : 14.0 t 13.0 12.0 55.9 0.70 1. 65 , 1.40 1.65 0.60 I l I ! 78.0 44.9 24.0 I 22.0 18.0 13.9 39.1 0.40 1.80 1.65 2.00 0.1-5 ' I I I J . 65.7 26.4 14.5 
1 
9. 02 I 9.02 12.7 23.5 0.20 2.50 I 2.30 2.80 0.20 I 69.7 28.3 12.4 -,tt 9. E?O 
1 
9.60 I 10.8 27.8 I 0.18 2.62 I 2.60 2.42 0 .18· I ! I I I J ' - I 70.2 ' 31.2 8.03 1~81 7.04 ; 7.70 29.2 0.20 2.60 2.50 I 2.55 0.15 I 1 ! I I ! l - I ' I t I 
I I I I ' 66. 1----11.0· 12.0 12.0 12.0 12.0 31.7 i 0. 15 2.65 2.40 2.60 0.20 I t ' t I ; 
I· I t I I ' I I ' ' I f 19.l 22.6 ! 7.04 7.26 7.81 7.04 25.0 0.80 ; . ·2. 50 ' 1.40 2.40 \ 0.90 i ' I I I i j • ' I I t I I j I ' l 30.3 27.1 7.81 9. 0·2 11. 0 10.5 l 31.2 0.80 2.40. · 1.60 2.40 l I I 0.80 I I f I t I ; J ·- . - - -- ' i ~- --- .. -- -- - - - - ---- - . - ---- .. - - -- - --- - . - - - - -- ·--· - ~--- - - . . .. 
-- . 
' - - - • ... --r ·- ·-·-=--• _....... • .. •~ 
-~ 
, ' r--
·~ . . ·': . 
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Table 8. (Cont'd) 
Test Plate Size 
No. No . (inxin) I 

















Residual Stres·ses (ksi) 
a a a a a 
ro rl r2 r3 r4 
87.8 31. 5 16.1 16.1 15.0 
76.8 36.5 14.9 16.0 16.5 
79.5 53.5 14.9 11.9 11.9 
31.1 27.1 9.8~ 6.1 10.0 
49.3 24.3 8 .10 7.04 9.35 
26.95 35.1 10.0 10.0 11.9 
65.01 34.3 10.0 10.0 9.02 
51.6 25.6 11.9 13.9 10.0 
49.2 22.2 14.41 11.9 10.0 
. 
49.7 20.6 14.0, 14.0 14.0 
61.2 24.9 14.1 . 14.1 11.9 
46.2 20.5 15.8 6.05 8.03 
34.5 24.8 9.8 8. 03 . 8.03 
,I 
Distances (in) I 
a a z . z z z z 
rs r6 1 2 3 4 5 
14.1 19.6 0.80 4.20 2.20 4.10 0.70 
16.5 49.2 0.80 4.30 2.30 ·3 .80 0.80 
14.9 40.8 0.80 4.30 1.90 4.20 0.80 
8.03 24.1 0.60 4.40 1.60 4. 70 0-. 70 
I 
·"""'4i.....~-.,. 
7.04 13.75 0.60 4.50 1.60 4. 70 0.60 
10.0 27.9 0.70 4.40 1.80 4.40 0.70 
9.02 32.0 0.60 4.50 1.80 4.40 0.70 
11.9 7.15 0.60 4.40 2.00 4.40 0.60 
10.0 14.3 0.60 4.50 1.80 4.50 0.60 
~ 
17.1 14.1 0.60 5.40 1.00 4.50 0.50 
11.9 35.0 0.60 5.00 1.40 4.40 0.60 
11.9 15.1 0.50 4.60 1.80 4.70 0.40 








·_ :- ! if .• 
' . 
.•,. 
Table 8. (Cont'd) 
( 
Test/ Plate I Size 







0 r4 0 
r6 z 1 
z . z 1---;-1 
3 4 . 5 t 











47.4 23.0 20.0 10.6 10.0 24.6 5.06 0.60 4.50 1.80 4.60 0.50 
42.9 25.1 10.0 10.0 10.0 16.0 35.3 0.60 4.50 1.80 4.50 0.60 






- - - -· - - - -
60.1 44.0 7.04 6.05 4.95 8.60 18.5 0.70 10.4 1.80 10.5 0.60 
) 















































Table 9. RESIDUAL STRESS DISTRIBUTION IN EDGE WELDED Pt.ATES 
------------------






















20-B j j 
4 L' 16x112 l 






























r4 r2 r3 
- - -
15.1 2.97 86. 0. 
2.97 16.0 85.0 
8.5 8.0 44.0 
7.26 11.55 33.0 
8.03 6.05 88.2** 
10.5 i.. 0 100.a* 
I 
; 6.05 6.05 98.6* I. 
! 
6.26 1.10 99.0* 
I 8,80 10.0 73.6* I ! 





6.05 4.06 42.8 
7 .02 2.96 42.8 
- - -
13.6 1.0 48.4 I 
I • 14.3 1.0 48.0 








------;- -,-- ;- ! Weld : 


























~. 20 1. 0 1 :s I 
5.1 
6.4 




10.1 0.90 I ~: 
10 .1 1. 00 S 
1 o . o 1 . oo : ·n 


































f s I 
' 




0 10.5 0.80 · S 




I 0 14.6 0.70 : S 
' . 





















































82. 5* 6.05 
. 








---·-_, _______ .c:,..._ ~-~--
a CJ z z z 
r3 r4 1 2 3 
- --
6.27 83.6* 0. 90 14 .. 2 0.90 
I 
4.40 60.5 o. 70 18 .3 1.00 
5.50 81.4* 1.00 18. 2 0.8 
6.60 81.5* 0.7 22.6 0.7 
5. 72 115.95* 0.60 22.7 0.70 
• 
5.50 124.0* 0. 70 22.6 0.70 
l~ 
6.05 121. O* 0.80 22.6 I 0.60 
l 
S - Welded on one edge only 
D - Welded on both edges 
* - Residual stress ·at the 
welded edge 
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Detail of Section 
Fig. 3 Layout of a Plate Welded Along 
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Fig. 4. Typical Layout for Marking and Sectioning 
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temperature bar B. 
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Typical sawed strips containing gage holes 
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Plate 8" ' L.. Center Welded 
_L 2" 3 
Plate 
~ 
' 2" 1 I I I 
I 
I 
8" d_, 2"" 2 • Edge Welded Piate 
_l 2" 3 
re 21-1/ 211 1 t· 9" i l : "'- l" l : 12" Standard Coupon 
.... r---11" ---... 1 
Small Coupon 
T 2" 
Thread·~, 1/ 2" / J 
;/'. 
. ( "! 
I 
. I 
! ~-1/~- ! 
I 
rto4--s-112"-------"1 
3/4" Round Coupon 
... Fig. 6. Layout for Coupons 
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~:·· Fig. 9. Residual Stresses in 411Jtt11 plates. (T-1) 
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Fig. 12. Residual Stresses in 61tx i" Plates with Sheared 
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Fig. 13. Residual S~esses in 8,"xi" plate Welded Along 
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